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NQR Spectroscopy r e f e r s  t o  t h a t  branch of spectroscopy i n  which energy i s  
absorbed by var ious atomic n u c l e i  i n  t h e  region from 1-1000 Mc/s. A f u l l  and 
e x c e l l e n t  discussion of  a l l  the  t h e o r e t i c a l  and experimental aspec ts  of t h e  sub- 
j e c t  has been #ven3;y Semin'. Amon the  more i o r t a n t  n u c l e i  which show t h e  
e f f e c t  a r e  C 1  
and V S 1 ;  i n  a l l  131 i so topes  can absorb RF energy. 

, C 1  , B r B 1 ,  B r 7 9 ,  I l g 7 ,  SblZ1,  S 3 2 3 ,  A l Z 7 ,  N 1 4 ,  Ga6', Ga71, 

The p r e c i s e  p o s i t i o n  of the  absorpt ion depends upon t h e  e l e c t r o n  densi ty  
about the nucleus and the number of allowed absorpt ion bands upon the nuc lear  
sp in .  
chemically d i s t i g u i s h a b l e  nucleus. 
the  number of  bands t o  be expected i n  the  i n d i c a t e d  s t r u c t u r e s .  

I n  genera l  wi th  n u c l e i  of s p i n  312, one l i n e  w i l l  be observed from each 
Thus with  C 1 3 5 ,  s p i n  3/2, Table 1 summarizes 

TABLE I 

STRUCTURE ABSORPTION BANDS 

1 

1 

2 

3 

U n t i l  recent ly  nqr  s p e c t r a  could be obtained only with considerable  d i f f i c u l t y  
due t o  t h e  wide range of f requencies  over which any p a r t i c u l a r  i so tope  might 
absorb (50-100 Mc/s) and the slowness of search  due t o  t h e  frequent  necess i ty  
of a d j u s t i n  t h e  o s c i l l a t o r s  used. The instrument  developed by Pe terson  and 
Bridenbaugh' has  made a dramatic  d i f f e r e n c e  i n  t h e  e a s e  of search over wide ranges 
by an e s s e n t i a l l y  automatic  and unattended spectrometer .  

In a d d i t i o n  t o  t h e  components customari ly  present  in an o s c i l l a t o r  of t h e  
superregenerat ive s o r t ,  the  Peterson instrument  contains  an electro-mechanical 
servo loop which serves t o  s t a b i l i z e  t h e  o s c i l l a t o r  over  wide ranges by feeding 
back a vol tage  to  t h e  g r i d  of the  o s c i l l a t o r  tube, customari ly  a 12AU7, which 
r e s u l t s  i n  a s t a b i l i z e d  output  a t  cons tan t  no ise .  Thus, searches a r e  readi ly  
conducted over  ranges of 20-40 Mc/s vhich conta in  the  v a s t  major i ty  of organo 
chloro compound absorpt ion bands, or 200-300 MC/S which contain t h e  v a s t  major i ty  
of organ0 bromo compounds; t h e  time requi red  f o r  such searches i s  2 t o  4 hours. 
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Some addi t iona l  ref inements  t o  the Peterson spectrometer  have been noted by 
Graybeal? ,  b u t  f u l l  d e t i a l s  on r e l a t i v e  performance have not  been publ ished.  

Previous examination o f  the  q u a n t i t a t i v e  aspec ts  of nqr  spectroscopy has 
l a r g e l y  been l imi ted  t o  determinat ion of t h e  e f f e c t  of impur i t ies  on the  peak 
i n t e n s i t i e s  of  absorpt ion bands4 wi th  minor references t o  the u t i l i t y  of peak 
i n t e n s i t i e s  t o  determine t h e  r e l a t i v e  numbers of chemically d i f f e r e n t  n u c l e i  
p resent  i n  a m ~ l e c u l e ~ ’ ~ .  
concerned with nqr spectroscopy with regard t o  sample s i z e .  
from papers  containing absorp t ion  d a t a  on l a r g e  numbers of  compound^^'^ t h a t  
while  chemical s h i f t s  comparable i n  p r i n c i p l e  t o  those observed i n  nmr spec t ra  
are p r e s e n t ,  s p l i t t i n g s  due t o  the e f f e c t s  of neighboring atoms a r e  not  present .  

Rela t ive ly  minor references w i l l  be noted i n  papers 
It  is a parent  

Unfortunately,  a type of s p l i t t i n g  is  encountered which has  t o  do with t h e  
f a c t  t h a t  spec t ra  can be determined only upon c r y s t a l l i n e  s o l i d s  and is designated 
c r y s t a l  s p l i t t i n g .  I t  i s  due t o  the  f a c t  t h a t  chemically equivalent  n u c l e i  i n  
a c r y s t a l l i n e  l a t t i c e  may b e  phys ica l ly  non equiva len t  by v i r t u e  of r e l a t i v e  
l a t t i c e  pos i t ions .  
2.0.2 Mc/s, and the equal  i n t e n s i t i e s  of the  two bands*. I n  c e r t a i n  cases i t  
s i m p l i f i e s  the i n t e r p r e t a t i o n  of a spectrum f o r  i t  has been found t h a t  v i r t u a l l y  
a l l  t r ichloromethyl  groups show a t r i o  of bands of equal  i n t e n s i t y  separa ted  by 
about 0.1-0.2 Mc/s. 

Normally, i t  can be recognized by t h e  ex ten t  of t h e  s p l i t t i n g  

Examination of mixtures  of  p-dichlorobenzene and p-dibromobenzene along 
t h e  l i n e s  noted by Dean9 g ive  very similar r e s u l t s  using the  Wilks S c i e n t i f i c  
Corporation NQR-lA NQR Spectrometer .  Addit ional  examples of p-dichlorobenzene 
and y-hexachlorocyclohexane i n d i c a t e s  t h a t  the peak he ight  is an e x c e l l e n t  way 
t o  determine the concent ra t ion  of i m p u r i t i e s  p r e s e n t  i n  a c r y s t a l  of a chloro 
compound i n  the  range from 0 .01  t o  1.0%, and t h a t  c a l i b r a t i o n  curves of t h e  s o r t  
genera l ly  usefu l  i n  q u a n t i t a t i v e  i n f r a r e d  measurements can e a s i l y  be constructed.  

With regard t o  the  amount of sample requi red  i t  has  been found t h a t  employing 
t h e  NQR-1A i t  i s  p o s s i b l e  t o  determine usable  s p e c t r a  of p-dichlorobenzene on 
samples of 25-50 mg.. although rout ine ly  500mg w i l l  s u f f i c e  f o r  any unknown. 
I t  has baen found t h a t  i n  genera l  a much s m a l l e r  sample, 100mg, rout ine ly  s u f f i c e s  
f o r  any bromo compounds where t h e  absorp t ion  frequencies  a r e  much h igher ,  while  
compounds t h a t  absorb a t  f requencies  near  5 Mc/s w i l l  r equi re  lOOOmg rout inely 
f o r  de tec t ion .  

Careful  examination of a number of s p e c t r a  of d iverse  types of organic  ch loro  
compounds makes i t  apparent  t h a t  n q r  s p e c t r a  can be used t o  determine t h e  r e l a t i v e  
numbers of  the  d i f f e r e n t  types of c h l o r o  atoms p r e s e n t .  It has  been found t h a t  
peak h e i g h t  alone is  s u f f i c i e n t  t o  t h i s  end and t h a t  i n t e g r a t i o n  of the  area i s  
unnecessary. Thus, with 2,4-dichlorophynoxy a c e t i c  a c i d  w e  f i n d  two bands of 
matched i n t e n s i t y ,  Spectrum 1. A molecule of y-hexachlorocyclohexane i s  known 
t o  conta in  3 a x i a l  and 3 e a u i t o r i a l  ch loro  atoms. and due t o  t h e i r  s p a t i a l  
arrangement there  are e f f e c t i v e l y  4 types of chloro atoms present .  
shows 4 l i n e s  of a 1:2:2:1 peak he ight  r e l a t i o n s h i p  which f i t s  the  known s t r u c t u r e ” .  

The spectrum 

Unfortunately,  ins t ruments  of the  Peterson type cannot be used rout ine ly  
f o r  t h e  measurement of  t h e  s p e c t r a  of n i t r o g e n  compounds due t o  s a t u r a t i o n  phenomena 
p r e c i s e l y  encountered i n  o t h e r  types of  resonance measurements. The u s e  of , 

o t h e r  types o f  o s c i l l a t o r s  such as t h e  Robinson o r  P-K-W o s c i l l a t o r 1 1 - 1 2  can 
f u r n i s h  d a t a  on many types of n i t r o g e n  compounds. 

t h e  u s e  o f  nqr  t o  determine t h e  s t r u c t u r e  of an o r g a n i c  molecule; Kozima has 

\ 

A t  t h e  present  time t h e r e  are r e l a t i v e l y  few examples i n  the l i t e r a t u r e  of 
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u s e d  t h i s  technique t o  d i f f e r e n t i a t e  between t h e  c h l o r i n a t i o n  products  of cyclo- 
hexane, 2,2-dichlorocyclohexane and 2,6-dichlorocyclohexaneone 3 .  

Applicat ion of  the nqr technique t o  y-hexachlorocyclohexane has  been noted 
above. 
only a s i n g l e  s t r o n g  band is observed n e a r  37.0 MC/S. This agrees  w i t h  the  
known s t r u c t u r e  i n  which t h e  ch loro  atoms a r e  a l l  t rans  and a l l  possess  t h e  
e q u i t o r i a l  configurat ion.  I t  is  of i n t e r e s t  t o  note  t h a t  the only e a s i l y  
a t t a i n e d  isomer of  1,2,3,4,5,6-hexabromocyclohexane has a very complex spectrum 
and is  c l e a r l y  not  r e l a t e d  t o  the  B-chloro isomer above. 

A similar s tudy of  ~-1,2,3,4,5,6-hexachlorocyclohexane revealed t h a t  

Y-1 ,2,3,4-tet rachloro  - 1,2,3,4-tet rahydronapthalene has been the  s u b j e c t  
o f  a recent  nmr i n ~ e s t i g a t i o n ’ ~  and has  t h e  conf igura t ion  noted symbolically 
below: 

An nqr spectrum of t h i s  compound shows two bands of e q u a l  i n t e n s i t y  a t  35 and 
36.5 Mc/s and is i n  agreement with t h e  nmr assignment. 

The nqr  spectrum of  2,4-dichlorobenzotrichloride, Formula I, might be 
expected t o  show t h r e e  bands repres  n t i n g  t h e  t h r e e  types of ch loro  atoms 

a,=cp3 /-k 
present  i n  a 1:1:3 i n t e n s i t y ,  wi th  probable  s p l i t t i n g  of t h e  band due t o  the 
t r ich loromethyl  group i n t o  a t r i p l e t .  
t h e  expected 3 bands, however, the  band a t  39.0 M c / s  which is due t o  CC13 
is  s p l i t  i n t o  a d i s t i n c t  doublet  a t  a 2:l i n t e n s i t y .  
t a t i o n  o f  t h i s  e f f e c t  i s  t h a t  t h e  o r t h o  ch loro  group i s  i n t e r f e r r i n g  s t e r i c a l l y  
with t h e  f r e e  r o t a t i o n  of t h e  t r ich loromethyl  group. As a r e s u l t  of t h i s  t h e  
two chloro atoms of the  t r ich loromethyl  group n e a r e r  t h e  o r t h o  ch loro  group 
a r e  d i f f e r e n t  from t h e  one which i s  f a r t h e r .  

The a c t u a l  spectrum (Spectrum 2) shows 

A reasonable i n t e r p r e -  

\ 

‘\ I f  c o l l e c t i o n  of  d a t a  of t h e  s o r t  i n  re ferences  1 t o  7 are s tudied ,  it 
i s  p o s s i b l e  t o  develop c o r r e l a t i o n  c h a r t s  of t h e  Colthrup type which have proved 
so popular  i n  i n f r a r e d  spectroscopy. In such a c h a r t  i t  w i l l  be  noted t h a t  
i n  the c a s e  o f  organic  ch loro  compounds t h a t  a range o f  30-55 Mc/s embraces 
v i r t u a l l y  a l l  classes o f  ch loro  compounds. Acid ch lor ides  show bands near  30 
Mc/s whi le  N-chloro compounds l i e  a t  t h e  o t h e r  end of the  range n e a r  55 Mc/s. 
Aromatic and a l i p h a t i c  ch loro  compounds absorb near 34-35 Mc/s f o r  t h e  simple 
types whi le  t h e  more highly s u b s t i t u t e d  types absorb a t  h igher  f requencies ,  
f o r  example; t h e  t r i c h l o r w e t h y l  group near 39Mc/s. 
t a i n i n g  as many as 5 chemically d i f f e r e n t  ch loro  atoms have shown f i v e  d i s t i n c t  
bands. 

Spectra  of compounds con- 
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